Objective: To investigate the rate of and risk factors for head and neck injury in male soccer.
INTRODUCTION
Head injuries have been reported to account for 4% to 22% of all injuries in soccer injury surveillance surveys, but neck injuries are less frequent. 1 Recent studies on male soccer have reported match injury rates (IRs) of 1.7 head injuries (0.5 concussions) per 1000 hours in the first leagues of Norway and Iceland, 2 and an average of 3.5 head and neck injuries (1.1 concussions) per 1000 hours in 14 Federation of International Football Associations (FIFA) tournaments. 3 Soccer-related concussions are certainly more prevalent than historically attributed, 4 but rough estimates still predict that over half of all concussions will go unreported. 5, 6 Because athletes with a history of recognized concussion are more susceptible to future concussions 6 and the risk increases with each successive event, 7 this is not a desirable situation.
Concussions have been given much attention during the past decade and 3 consensus statements on concussion in sports have been published, [8] [9] [10] all stating that it would take at least 5 days as a minimum to proceed through a full rehabilitation protocol once the athlete is asymptomatic. Before the FIFA World Cup in Germany 2006, there was a reinforcement of the Laws of the Game where referees were given the authority to send the fouling player off in case of elbow to head incidents. It is not known if the layoff times have changed as a result of the consensus statements or if the stricter rules have been accompanied by lower rates of head and neck injury. Additionally, goalkeepers seem to be at higher risk for head and neck injury in some previous studies, 3, 6 but no study has investigated different match-related variables as risk factors for head and neck injury.
The main objective of this study was to describe the head and neck IR in male professional soccer in Europe over 9 consecutive seasons. The secondary objectives were to evaluate the influence of various player-related (anthropometrics and playing position) and match-related (match type, venue, and match result) risk factors on injury occurrence, to study the adherence to the consensus statements regarding return to play after a concussion, and to compare IRs before and after the elbow to head rule change in 2006. Our hypotheses for the secondary objectives were that goalkeepers have a higher head and neck IR than outfield players, that players often return to play before a minimum of 5 days according to the consensus recommendations, and that the rule change in 2006 would have lead to a reduction in IRs.
MATERIALS AND METHODS
The current survey is a substudy of a prospective cohort study evaluating men's professional soccer in Europe in collaboration with the Union of European Football Associations (UEFA). 11 A total of 26 clubs from 10 countries and 1401 players were followed over a varying number of seasons from 2001/2002 to 2009/2010. The design harmonizes with the consensus statement on injury definitions and date collection procedures, 12 and the general methodology has been reported in detail previously. 13 
Inclusion Criteria and Definitions
All players belonging to the first team squads each season were invited to participate. Players who left their club before the end of a season were included for as long as they participated. Injury was defined as any physical complaint sustained by a player that occurred during a football training or match and which lead to the player being unable to participate in future football training or match play (ie, timeloss injury). 12, 13 No illnesses were recorded. The player was considered injured until the club medical staff allowed full participation in training or match play. 12, 13 All relevant definitions are outlined in Table 1 .
Data Collection
Anthropometric data and playing position were reported for each player at inclusion. A member of the medical or coaching staff registered individual exposure in minutes during all club and national team training sessions and matches. All injuries were recorded immediately after the event by a club medical officer. Injury cards and attendance records were sent to the study group once a month. Each injury was coded according to a modified version of the Orchard Sports Injury Classification System 2.0. 14
Ethics
The study design was approved by the UEFA Medical Committee and the UEFA Football Development Division. Written informed consent was collected from all players.
Statistical Analysis
Continuous data for anthropometrics and layoff times are presented as means with corresponding SDs and range. Injury rate is calculated as the number of injuries per 1000 exposure hours with corresponding 95% confidence interval (CI). Differences in IRs (eg, before and after the elbow to head rule change in 2006) were compared using a rate ratio (RR) and significance tested with z statistics. 15 In the risk factor analysis, player-related independent variables were anthropometrics (age, stature, and body mass), divided into interval data based on sample mean 6 1 SD below and above mean, and playing position (goalkeeper, defender, midfielder, or forward). A Cox regression using each player as an observation was used for simple and multiple risk factor analyses of player-related variables and expressed as an RR with corresponding 95% CI. Only 1 event per player was included in the Cox regression and the time of soccer training and match play up to that event or to the end of the observation period.
A generalized estimating equation was used to fit a repeated measure logistic regression on match-level data, with each first team competitive match as an observation. The dependent variable was binary and classified as injury during match play (reference no injury). Observations were assumed to be dependent within each team and therefore treated as a repeated measure. Match-related independent variables were match type (national league play, UEFA Champions League, Europa League, or other cup), match venue (home or away match), and match result (won, draw, or lost). Simple and multiple risk factor analyses of match-related variables were expressed as an odds ratio with corresponding 95% CI. It was decided a priori to include all player-and match-related independent variables in the multiple analyses regardless of significance in simple analyses. In the multiple Cox regression, adjustment was also made for the match exposure ratio (match hours/total hours of exposure) because IRs were expected to be higher in match play compared with training. 11 All analyses were 2 sided and the significance level was set at P , 0.05.
RESULTS

Player Characteristics
The mean player age was 25.8 6 4.5 years, mean stature 182.3 6 6.3 cm, and mean body mass 77.9 6 7.0 kg. There were 140 goalkeepers and 1261 outfield players (433 defenders, 514 midfielders, and 314 forwards).
Head and Neck Injuries
A total of 6140 time-loss injuries were recorded during 797 389 exposure hours (669 396 of training hours and 127 993 of match hours). There were 136 head and neck injuries constituting 2.2% of all time-loss injuries. The head and neck IR was 0.17 injuries per 1000 hours (Table 2) , the (Table 3) . A total of 39 fractures were identified with nose fractures being most common (n = 21); the fracture IR was also substantially higher during match play (Table 3) .
There was a peak in the head and neck IR during the 2001/ 2002 season, but thereafter the IR has been fairly stable with no trend of injury reduction over the study period ( Figure 1 ). Head injuries were in general associated with longer layoff than neck injuries ( Table 2 ), but only 8 (5.9%) of the injuries were severe: 5 fractures, 2 concussions, and 1 cervical disc herniation.
Concussions
The most frequent injury type was concussion with more than one-third of all events ( Table 2 ). The concussion rate was 0.06 injuries per 1000 hours (Table 2) , and a 25-player squad will thus suffer an average of 0.4 concussions per season. Match play was associated with a 78-fold higher concussion rate compared with training (Table 3 ). Mean layoff for concussion was 11 (range, 1-75) days (Table 2 ). However, more than one-quarter of the concussed players (27.1%) returned to play within 5 days after the event (10 minimal with a layoff up to 3 days and 3 mild with a layoff of 4 days). There was no trend of a reduction in the concussion rate over the study period ( 
Risk Factor Analysis
Simple Cox regression analysis identified 4 significant player-related variables for head and neck injury: being in the highest group (.1 SD above mean) for age, stature, and body mass and being defender ( Table 4 ). In the multiple analysis, only defender remained statistically significant. Simple generalized estimating equation analysis identified Champions League match and away match as significant match-related variables for head and neck injury ( Table 5 ), whereas only away match was significant in the multiple analysis. No significant player-and match-related variables were identified for concussions.
DISCUSSION
The principal finding of the current study was that head and neck injuries were uncommon compared with other injuries in professional soccer and that no trend of injury reduction was seen over the study period. Another interesting finding was that defender was the playing position most at risk, whereas goalkeeper showed no statistically significant risk increase. Finally, more than one-quarter of the concussed players returned to play before what is recommended in the consensus statements.
Head and Neck Injury Epidemiology
This study found that head injuries constituted less than 2% of all injuries, which is lower than previously reported, where head injuries account for 4% to 22% of all soccer injuries. 1 This apparent difference might be explained by different injury definitions where we included only time-loss injuries, whereas other studies have studied, for example, medical attention injuries. Furthermore, some studies included only match injuries, whereas we also included training injuries where head injuries are known to be less common. Nevertheless, based on the rate found in this study, a professional soccer club squad will suffer a mean of 0.4 concussions per season, identical to the anterior cruciate ligament IR previously identified in this cohort. 16 A few studies have evaluated head and neck injury characteristics in international championships. 3, 17, 18 One study investigated 14 male youth and senior FIFA World Cups between 1998 and 2004 and reported a head and neck IR of 3.5 (1.1 concussions) per 1000 match hours. 3 Interestingly, the concussion rate found in 9 male youth and senior UEFA European Championships between 2006 and 2008 was also 1.1 injuries per 1000 match hours. 17 The concussion rates from these international tournaments are higher than that found in the present study (0.4 concussions per 1000 match hours) and the rate reported in a previous study on the Norwegian and Icelandic first leagues during the 1999 to 2000 seasons (0.5 concussions per 1000 match hours). 2 Similarly, the overall concussion rate in our study was 0.06 concussions per 1000 hours and this was essentially in agreement with the rates previously found in studies on the Swedish first league (0.05-0.1 concussions per 1000 hours). 19, 20 It should, however, be emphasized that soccer is associated with a lower concussion rate than other popular contact sports. 21, 22 Specifically, concussion rates in other professional sports have been found to be substantially higher in, for example, the National Hockey League (1.8 per 1000 match hours) 23 and in the Australian Football League (5.6 per 1000 match hours). 24 
Return to Play
Our study demonstrated a mean layoff of 11 days after a concussion. However, 27% of the players returned to play within 5 days after injury, that is, earlier than the recommendations from the consensus statements. [8] [9] [10] We found no trend toward longer rehabilitation periods over the course of the study period, possibly demonstrating an insufficient adherence to the guidelines, which also has been reported recently from the Premiership in the United Kingdom. 25 It is also known that many team physicians in other professional sports environments, such as in the National Football League, seem to disregard the recommendations 26 and instead base the return to play on a symptom-free interval, leading to a more rapid return to play. In that study, half of the concussed players had a layoff of 1 day or less, 26 and it is possible that a similar and more rapid algorithm is practiced in some cases also in our cohort of professional soccer players. Whether this approach is safe or dangerous has, to our knowledge, not been studied in soccer, but 1 study on elite Australian Rules footballers implies that there is no increased risk for new concussion in the first match after injury or more injuries in general on return to play. 24 Nevertheless, it is widely believed that premature return to play (before being asymptomatic) might prolong the recovery after concussion. 10 However, because of the study design, it was not possible for us to analyze symptoms on return to play.
Injury Prevention
Considering the low rate of head and neck injury in professional soccer according to this study and compared with other contact sports, it may be argued that the level of risk to the voluntarily participating professional players may be considered an acceptable risk. However, injury prevention is still of importance because these injuries are potentially serious with long layoff periods, increased risk for repeated injuries, permanent disabilities, and even death. Interestingly, no injury reduction over time was seen in our study, suggesting that perhaps more attention should be paid to identifying potential preventive measures among stakeholders and medical practitioners.
A possible role for injury prevention would be stricter interpretation of the existing rules by the referees or rule changes because 90% of the head and neck injuries are traumatic and occur predominately during match play. It has been shown that as many as 41% of head incidents in elite soccer are the result of elbow to head or arm/hand to head contact. 2 Based on this knowledge, just before the World Cup in 2006, the referees were given the authority to sanction intentional elbow to head fouls with the red card. Although there were fewer head injuries (13 vs 25) and concussions (1 vs 4) in the World Cup 2006 compared with 2002, the observed differences were not statistically significant. 16 The potential impact of this rule change in other settings than the World Cup is unclear, but according to the results of the current study, there were only minimal, and not [2] [3] [4] but also accidental contact with the ground or goal post. 27 Another possible explanation is that player attitudes toward fair play might not have been altered despite the rule change, as exemplified by the fact that almost 1 out of 5 concussions in our study are the result of foul play. Additionally, the promotion of the rule change by FIFA immediately before the World Cup could have led to a "stricter" interpretation of the rules in this tournament, but the impact of this campaign in subsequent national league and cup competitions might have been lower.
Methodological Considerations
The prospective design with rigorous data checkup and a long observation period to avoid the influence of occasional extreme seasons are some important strengths of the present study. The major shortcoming is the low numbers of injuries, in particular concussions, which increases the likelihood of a type II error in our analyses. For example, according to the multiple risk factor analysis, the oldest and tallest players had an almost 2-fold increased rate of head and neck injury, but owing to the wide CIs this was not a statistically significant rate increase. Similarly, goalkeepers, defenders, and midfielders all had increased IRs compared with forwards according to point estimates (between 14% and 78% increase), whereas defender was the only statistically significant variable. Some results should thus be interpreted with caution because of low statistical power in the analyses. Second, only 1 diagnosis was recorded for each injury case in our database (the main diagnosis). In cases with multiple injuries sustained in the same event (eg, a severe facial fracture with a concomitant mild concussion), only the most significant injury is captured in our injury surveillance. Together with the well-known fact that concussions sometimes are overlooked by players and medical staff, 5,6 the true concussion rate in our study is likely to be higher. Third, the participating clubs were not provided with any specific diagnostic or return to play criteria for concussion in our study manual, and it is therefore possible that diagnostics and treatment algorithms can differ between clubs. Fourth, we did not collect any data on the use of headgear among players or on the specific injury mechanism for each injury case. Finally, we collected no reliable player history of prior head and neck injuries and concussions, and previous injury could therefore not be included in our risk factor model.
